Cognitive plasticity is a topic of interest since it allows us to analyse the potential cognitive modifiability of a person. Previous research has demonstrated the existence of plasticity in old age [Baltes, P. B. (1987) . Theoretical propositions of life-span developmental psychology: On the dynamics between growth and decline. Developmental Psychology, 23(5), 611-626] regardless of presence or absence of cognitive deterioration [Calero, M. D., & Navarro, E. (2004) . Relationship between plasticity, mild cognitive impairment and cognitive decline. Archives of Clinical Neuropsychology, 19,[653][654][655][656][657][658][659][660]. In this context, the present study was designed to analyse the presence of plasticity in elderly persons who seemed to present cognitive deterioration, and to explore the relation between cognitive plasticity and the results obtained from a memory training programme. One hundred and thirty-three elderly persons participated in the study and were evaluated by means of a cognitive plasticity test (Position test) and various tests for measuring the effects of the training. Part of the elderly population received the memory training, whose effects were measured immediately after the training and again after 9 months. The results demonstrate that the programme significantly improves cognitive performance, while plasticity is shown to be an important modulating variable on the improvement achieved.
Introduction
The aging process is often associated with the existence of cognitive decline, which is dependent on both environmental and physiological factors. Numerous researchers have demonstrated that this decline is not uniform, since the patterns of change present wide intra-and interindividual variability (Baltes, 1987; Baltes, Dittmann-Kohli, & Dixon, 1984; Schaie, 1990) . When analysing interpersonal variability, an important distinction is drawn between present performance (a person's observable execution in a specific situation) and potential performance (the execution which the person could achieve if alternative optimizing conditions were considered or introduced). This distinction allows researchers to analyse the potential cognitive modifiability of a person rather than only taking into account the score of a standard cognitive performance test (Baltes & Willis, 1982) . By 'potential cognitive modifiability' we refer to the cognitive reserve or ability of a person to optimize or maximize his or her performance by activating compensatory mechanisms (Stern, 2002) . Thus, as Singer, Lindenberger, and Baltes (2003) explain, in behaviorally oriented cognitive aging research, cognitive plasticity or within-person variability refers to learning gain (pre-test-post-test difference score) as indicated by levels of performance after instruction and practice in performance-enhancing skills. The existence of such modifiability has been labelled 'cognitive plasticity' by Baltes and Willis (1982) , who define it as intellectual performance in old age under optimizing conditions which do not normally exist in the day-to-day life of the person. Research undertaken over the last 20 years has further demonstrated that it is possible to improve cognitive performance in later adulthood (Verhaeghen, 2000) .
In order to evaluate modifiability, Baltes and his team developed a procedure for 'testing the limits' (Baltes et al., 1984) , also known in Spain and other countries as 'evaluation of learning potential' . Following the 'pretest-training-post-test' evaluation format, the procedure consists of a traditional evaluation test in two temporal phases (initial and subsequent test) with an intermediate training phase in which the subject is shown the necessary strategies to complete the task successfully. The capacity to benefit from the training (pre-test-post-test difference) provides a measure of the person's cognitive plasticity (Baltes & Baltes, 1997; Calero, Navarro, Arnedo, García-Berbén, & Robles, 2000a) .
In their initial studies, Paul Bates and his team focused on demonstrating the existence of plasticity. Later the objective shifted to establishing its limits, and finally Margaret Baltes and colleagues began to study the relation between plasticity and deterioration (Baltes, Kuhl, & Sowarka, 1992; Baltes, Kuhl, Sowarka, & Gutzman, 1995) . In the Spanish population, studies carried out by the Baltes team with regard to the existence of plasticity in healthy elderly persons have been replicated (Fernández-Ballesteros & Calero, 1995; Calero & García-Berbén, 1997) . In recent years, the analysis of the relation between plasticity and cognitive deterioration has formed a new line of research (Calero & Navarro, 2004; Fernández-Ballesteros, Zamarrón, Tárraga, Moya, & Iñiguez, 2003) , together with the analysis of the relation between cognitive plasticity and results obtained by elderly persons in extended memory training programmes. The present study has been carried out as part of this second line of research.
The effectiveness of memory training programmes in old age has been amply demonstrated in various meta-analyses which show that participation significantly improves both objective memory (Verhaeghen, Marcoen, & Goossens, 1992) and subjective memory, i.e. the perception that the person has of his or her own memory performance (Floyd & Scogin, 1992) . Similarly, it has been shown that the improvement achieved after participating in memory training programmes may be maintained for periods of time ranging from 6 months (Bäckman, 1995; Stigsdotter-Neely & Bäckman, 1995) up to 3 years (Scogin & Bienias, 1988; see Verhaeghen, 2000 for a review of this topic).
At the same time, various studies have focused on demonstrating the relation between diverse personal and/or psychological variables and the improvement achieved by the elderly persons after cognitive training. Prominent among these variables are aspects such as age (Baltes, Dittmann-Kohli, & Kliegl, 1986) , verbal ability (Yesavage, Sheikh, Decker, & Hill, 1988) , mental status (Yesavage, Sheikh, Friedman, & Tanke 1990) , processing speed (Kliegl, Smith, & Baltes, 1989) and certain personality characteristics (Yesavage, 1989) , as summarized in the following paragraphs.
One of the variables which has been put forward as a mediator in post-training improvement is level of education. For example, findings by Hill, Wahlin, Winblad, and Bäckman (1995) indicate that the number of years at school may predict the improvement shown after training, even after controlling for the effects of age. Similarly, the variable verbal ability has been shown to be a clear predictor of improvement. According to Yesavage et al. (1988) , subjects with greater verbal ability benefit to a greater extent from memory training. Processing speed is a further characteristic which has a significant influence on memory training (Hill & Bäckman, 2000) ; indeed, some researchers have suggested that processing speed may compensate for deficits arising from other variables such as age, education and verbal ability, and that poor performance associated with age in memory training may actually be caused by slow processing (Salthouse, 1996) .
Negative effects on memory training performance may also arise from the variable depressive symptoms. Findings by Bäckman, Hill, and Rosell (1996) indicate that subjects without dementia but presenting depressive symptoms experience difficulty at activating the necessary cognitive resources to benefit from memory training. Similarly, Yesavage (1989) has proposed that certain personality characteristics may influence the improvement achieved, observing that subjects with high scores for neuroticism show the least improvement after training. In the same study, Yesavage (1989) also finds that subjects who obtained low scores in a test evaluating cognitive status obtain less benefit from the training, and this is in accordance with results from other studies (Hill et al., 1989; Yesavage et al., 1990) .
The objectives of the present study are first, to analyse the effectiveness of a memory training programme in elderly persons; and secondly, and more importantly, to ascertain whether or not cognitive plasticity, evaluated through a learning potential technique, presents a significant relation with the benefit obtained by a group of elderly persons participating in the programme. In other words, our objective is to determine if cognitive plasticity may be considered as a modulating psychological variable on the effects of cognitive training, in the same way as it has recently been shown to influence cognitive decline (Calero & Navarro, 2004) .
Method

Participants
A total of 133 elderly Spanish persons from the province of Granada (southern Spain) participated in the study. Of these, 78 formed the training group and 55 formed the control group. The difference in size between the two groups was due to ethical considerations, which obliged us to apply a quasi-experimental design. However, the two groups did not differ significantly with regard to personal and/or cognitive variables. Participants were selected from Residences for Elderly Persons (71.4 percent) and at the Psychological Attention Service of the University of Granada (28.6 percent). Age of participants ranged between 60 and 98 years (mean age 76.85; SD 8.37). A 65.4 percent were women and 34.6 percent were men. With respect to educational level, 35.6 percent had no formal education while 64.4 percent had received some sort of academic training, normally primary studies (38.6 percent) or secondary studies (20.5 percent). (Calero & Navarro, 2003) . This is a version of the fixing positions test originally compiled by Rey (1964) to evaluate memory, spatial learning and orientation. The test was used as a measure of learning potential by Feuerstein, Rand, Hoffman, and Miller (1980) , and later adapted for evaluation of cognitive plasticity in old age by Calero and Navarro (2003) . In the adapted version, the test consists of four wall charts, each of which presents a grid with 25 squares. Situated at different points within the grid are five crosses. The subject's task is to learn and memorize the position of the crosses in each chart so that he/she can reproduce them in a blank grid in the same format as the original. To carry out the task, the subject is assisted by a trainer, who offers more or less assistance depending on the subject's initial level of performance. The subject has a total of eight opportunities for each chart, and at every failed attempt the amount of assistance given by the trainer is increased. Gain scores are awarded on the basis of the improvement shown by the subject after training, and are determined according to the attempt in which he or she carries out the task correctly. The total gain score is calculated by adding up the scores for each wall chart, and is considered to be a measure of cognitive plasticity.
Instruments
Cognitive plasticity measurement 2.2.1.1. Position test
Measurement of effects of training
As described below, various tests were used to evaluate the effects of the applied memory training programme. First, a measure of general cognitive performance (Spanish version of the Mini Mental State Examination) was used to measure the generalization of the effects of training. Secondly, the WAIS-III Digit Span test and Working Memory Evaluation test were used to test the effects on memory. (Lobo, Escobar, Esquerra, & Seva Díaz, 1979) . This is the Spanish translation and adaptation of the Mini Mental State Examination (MMSE) by Folstein, Folstein, and Hugh (1975) . Widely used as a screening instrument for detecting cognitive deterioration, the MEC rapidly and systematically explores a set of cognitive functions which may be affected in elderly persons (temporal-spatial orientation, immediate and long-term memory, attention, calculation, language, abstract reasoning and praxis). The final score is normally used as a global index and as an evolutional follow-up method for measuring cognitive functions in processes such as cognitive deterioration and dementia. Previous studies have demonstrated the concurrent validity of the test with a wide battery of neuropsychological tests (Calero, Navarro, Robles, & García-Berbén, 2000b) .
Mini Examen Cognoscitivo or MEC
In order to divide the sample into subjects with and without cognitive deterioration, we took into account findings by authors such as Lobo and Día (1986) for a geriatric population; Vilalta, Llinás, López-Pousas, Amiel, and Vidal (1990) in their evaluation of CAMDEX, and Manubens et al. (1998) . We also considered results obtained in a previous study by the present research team, in which we established the cut-off point with highest sensitivity and diagnostic concordance for the sample group. From these studies it seems that the optimum cut-off point to establish the presence of cognitive impairment in the present test, working with a population of over 65 years, should be 24 points out of a maximum of 35 for low educational level, and 27 points out of 35 for average to high educational level. (Wechsler, 1999) . Direct digits: The evaluator presents a sequence of digits which the subject is required to repeat immediately. The number of digits is increased each time the subject repeats the sequence successfully. Inverse digits: The evaluator presents a sequence of digits which the subject is required to repeat backwards. Total score is calculated by adding up the points obtained in each test. (Oakhill, Yuill, & Parkin, 1989) . This task measures the extent of Working Memory by means of the presentation of three-numbered cards. The subject is required to read the numbers on each card out loud, and to remember the last number. Once the cards have been presented the subject is requested to state the last number of each one. The number of cards is increased each time the subject successfully completes the task, starting with two cards and ending with five for those who pass each previous phase. (Dively & Cadavid, 1999) . This programme is designed to teach various mnemonic strategies and aids so that participants can apply them to their dayto-day life and reduce their memory-related difficulties. Consisting of six units spread over 14 sessions, the programme is presented to groups of 8-10 people assisted by one or two tutors. The sessions last one hour each and are given on 2 days a week. The programme focuses on abilities such as memory, attention, spatial and temporal orientation and verbal fluency. Participants are shown strategies to improve visual and verbal memory, such as associated pairs, the link method, the method of loci, categorization and strategies for learning names and recalling numbers. These strategies are demonstrated and practised in each session, using the activities from the Memory 65+ programme. Additionally, each session features generalization activities which enable the participants to put the strategies into practice in their day-to-day lives (for a more detailed review of the programme, see Dively & Cadavid, 1999) .
WAIS-III Digit Span test
Working Memory Evaluation test
Data collection
The elderly persons were evaluated and participated in the memory training programme in two main contexts: Residences for Elderly Persons and the Psychological Attention Service at the University of Granada. In the residences, a programme for the detection and treatment of cognitive deterioration was announced and participation of elderly persons in the research was solicited on a voluntary basis. Selection of those wishing to take part in the programme was carried out at the Psychological Attention Service of the Faculty of Psychology. All the participants were informed in advanced of the objectives of the research and expressed their desire to participate voluntarily in the study.
All participants (training group/control group) were evaluated in three temporal phases: before the memory training (pre-test evaluation); immediately after the memory training (post-test evaluation) and 9 months after the memory training (follow-up evaluation). In all the evaluations, evaluators did not know the cognitive status of the participants and were not aware of results obtained by participants in earlier evaluations. Similarly, evaluators did not know the group (training or control) to which participants had been assigned. In the initial evaluation, subjects undertook all the evaluation tests described above. In the following two evaluations (post-test and follow-up), subjects participated in the tests designed to measure effects of training. In between the pre-test and post-test evaluation, subjects in the training group participated in the memory training programme while control-group subjects did not receive any type of intervention.
Statistical analysis
The study design was a quasi experimental pre-test-post-test co-variation design with an experimental group and non-equivalent control group. The grouping variable was initial cognitive status of participants as determined by the MEC score (Lobo et al., 1979) while the covariant variable was the gain score in the learning potential test considered as a measure of cognitive plasticity. With regard to dependent variables, these were the post-test and 9-month follow-up scores of participants in the MEC test (Lobo et al., 1979) , the Digits test (Wechsler, 1999) , and Working Memory test (Oakhill et al., 1989 ).
An ANOVA inter-groups (control group/training group) statistical analysis was carried out on scores obtained in the MEC test, the WAIS Digit Span test and the Working Memory task. Subsequently, a general linear model of repeated measures was performed for scores obtained by the total number of participants in each of the three treatment evaluation tests in the post-test and 9-months follow-up. In this operation, the measurement of plasticity or gain score in the learning potential test (Position test) was taken as co-variable.
All statistical analyses were carried out using the 12.01 Version of the SPSS statistics program.
Results
We shall first deal with results relating to the short and long-term effectiveness of the memory training programme. This involves focusing on changes in scores for MEC (Table 1) , the Digits test (Table 2 ) and the Working Memory test (Table 3) presented by subjects in the control group and training group in the different phases of evaluation. With regard to MEC results (Table 1) , the phase previous to intervention does not show significant differences between the control and training groups, either for the total sample (F (132) = 3.8, p > 0.05) or for subjects classified according to their cognitive status, i.e. with cognitive impairment (F (54) = 0.84, p > 0.05), and without cognitive impairment (F (77) = 3.18, p > 0.05). However, differences become apparent once memory training has taken place. Thus, in the test immediately after the training, statistically significant differences arise in favour of the training group (total sample F (132) = 20.72, p < 0.01; subjects with cognitive impairment F (54) = 10.44, p < 0.01; subjects without cognitive impairment F (77) = 14.49, p < 0.01). A similar pattern is shown in the test held 9 months after the training (total sample F (132) = 17.37, p < 0.01; subjects with cognitive impairment F (54) = 9.17, p < 0.01; subjects without cognitive impairment F (77) = 8.35, p < 0.01). As may be observed, while the performance of the control groups declines with the passage of time, the scores of the training group are not only maintained but actually improve over successive evaluations.
These differences are confirmed by the inter-group effect size, which increases significantly after cognitive intervention.
Similarly, in the Digits test (Table 2) , there are initially no significant differences between the groups either for the total sample (F (132) With regard to the Working Memory test (Table 3) , results are again very similar to those for the MEC. As before, there are no significant differences between the control and training groups before training, either for the total sample (F (132) = 3.31, p > 0.05 and d = −0.4), or for the participants divided by cognitive status (with cognitive impairment (F (54) = 2.79, p > 0.05 and d = −0.4); without cognitive impairment (F (77) = 1.48, p > 0.05 and d = −0.29). Once the training has been given, significant inter-group differences again arise, both in the post-test and in the 9-months follow-up. Results for the post-test were: total sample F (132) = 12.48, p < 0.01; subjects with cognitive impairment F (54) = 6.87, p < 0.05; subjects without cognitive impairment F (77) = 6.48, p < 0.05. Follow-up results were: total sample F (132) = 15.67, p < 0.01; subjects with cognitive impairment F (54) = 8.18, p < 0.01; subjects without cognitive impairment F (77) = 10.51, p < 0.01). Again, these differences are confirmed by the effect size, which increases significantly after cognitive intervention is applied.
Our second analysis concerns the influence of cognitive plasticity, as evaluated by the learning potential test, on the improvements achieved by the total of elderly persons after participating in the memory training. Figs. 1 and 2 show results obtained from the linear model of repeated measures with regard to the MEC test, taking the Position test gain score as co-variable. A significant interaction is apparent between the effect of the treatment (control group/training group) detected by the test and the PT gain score (or plasticity measure), both in the post-test (F (2/114) = 1899.26, p < 0.001: Fig. 1 ) and in the 9-months follow-up (F (2/92) = 1412.7, p < 0.001: Fig. 2 ). This finding indicates that for the total of participants, the improvement achieved in the MEC test after training co-varies with the gain score obtained in the PT.
Very similar results are obtained from analysing the effect of cognitive plasticity upon improvements achieved in the Digits test and the Working Memory test. Thus we may observe a significant interaction between the effect of treatment detected by the Digits test and the PT gain score, which is again apparent both in the post-test (F (2/114) = 666.31, p < 0.001) and in the 9-months follow-up (F (2/114) = 508.11, p < 0.001). Likewise, a significant interaction is produced between the effect of treatment detected by the Working Memory test and the PT gain score, both in the post-test (F (2/92) = 183.23, p < 0.001) and in the 9-months follow-up (F (2/92) = 130.26, p < 0.001). Both effects indicate that the post-training improvements achieved in the Digits test and in the Working Memory test co-vary with cognitive plasticity as measured by the PT gain score.
Discussion
Our main reason for undertaking this research was to analyse the influence of cognitive plasticity on results obtained by elderly persons participating in a memory training programme. We were aware that until now, research studies concerning plasticity had been directed at proving the existence of plasticity (Baltes et al., 1986) , analysing its limits (Kliegl et al., 1989) , and exploring the relation between plasticity and cognitive decline in old age (Calero & Navarro, 2004) . The contribution of the present study was thus to analyse the relation between the presence of plasticity in elderly persons and their performance in an extended memory training programme.
In this context, two fundamental aspects from the results should be emphasized. First, the memory training programme brings about a significant improvement in the cognitive performance of participants both in the short term and in the long term, independently of their cognitive status. Secondly, it appears that these positive effects are modulated by the participants' cognitive plasticity.
In relation to the first finding, all the subjects who took part in the memory training -regardless of their cognitive status -improved or maintained their cognitive performance, not only in the evaluation held immediately after the training but also in the follow-up 9 months later. By contrast, the scores of subjects who did not take part in the training declined in the three treatment evaluation tests held in the post-test and 9-months follow-up. Thus, while the initial evaluation revealed no significant differences between the control group and the training group, these became apparent after the intervention phase, suggesting that it could be as a consequence of the training that members of the training group improve their cognitive performance. These results may be taken as confirmation of the positive effects of memory training observed in various earlier studies (Verhaeghen et al., 1992; Verhaeghen, 2000) .
With regard to the second finding, it appears that this post-training improvement is modulated by the presence of cognitive plasticity, giving rise to a significant interaction between the improvement in scores after training and the presence of plasticity. Thus the subjects who benefit most from the training are those who achieved the highest gain scores in the Position test. As the results show, the improvement in scores obtained in the three treatment evaluation tests in both the post-test and 9-months follow-up co-varies with the measure of cognitive plasticity obtained in the Position test.
To sum up, these findings demonstrate the relevance of cognitive plasticity as a variable when seeking to explain the levels of improvement achieved and sustained over time by an elderly population after participating in a memory training programme
